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In the title compound, C21H30N2O5S, the plane of the 
dimethyl-thiocarbamic group makes a dihedral angle of 
78.41 (7)° with the central benzene ring. One of the carbonyl 
groups in the a,/S-unsaturated malonate side chain makes a 
dihedral angle of 8.73 (10)° with the central benzene ring, 
while the other carbonyl group makes a dihedral angle of 
81.52 (8)°. 

Related literature 

For related structures, see: Jiang & Wang (2009); Kim & 
Swager (2003). For hypochlorous acid probes, see: Sun et at 
(2008). 




Experimental 

Crystal data 

C 21 H 3 oN 2 0 5 S 
M, = 422.53 
Monoclinic, P2i/c 
a = 14.2704 (6) A 
b = 9.2716 (4) A 
c = 25.9206 (8) A 
P = 139.588 (1)° 

Data collection 

Bruker APEX area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
T min = 0.932, T m „ = 0.988 



Refinement 

R[F 2 > 2a(F 2 )] = 0.068 

wR(F 2 ) = 0.155 

S = 1.18 

5414 reflections 



V = 2223.30 (15) A J 
Z = 4 

Mo Ka radiation 
/x = 0.18 mm -1 
T = 173 K 

0.40 x 0.37 x 0.07 mm 



25540 measured reflections 
5414 independent reflections 
4778 reflections with / > 2a(I) 
R iM = 0.037 



268 parameters 

H-atom parameters constrained 
A/tw = 0.39 e A~ 3 
Apmh>= -0.29 e A~ 3 



Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2011); software used to prepare material 
for publication: SHELXL97. 

The authors thank the National Natural Science Foundation 
of China (No. 20675067) for supporting this work. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: KJ2176). 
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Diethyl 2-{4-diethylamino-2-[(dimethylcarbamothioyl)oxy]benzylidene}malonate 
D. Sun, X.-X. Fan, S.-Y. Yang and H. Zheng 

Comment 

Reactive oxygen species (ROS) are known to be essential to several biological functions and hypochlorous acid (HOC1) is 
one of the biologically important ROS. Therefore, the determination of hypochlorous acid is very important for biological 
research, but it is still a challenge for the design and synthesis of highly specific and sensitive probes for hypochlorous acid 
(Sun et ah, 2008). We have therefore synthesized the title compound, and investigated its fluorescent spectral response to 
hypochlorous acid, and further experiments show that the title compound can react with hypochlorous acid, which result 
in a remarkable fluorescence enhancement. Therefore, the title compound can serve as a sensitive fluorescent probe for the 
determination of hypochlorous acid. The chemical structures of related compounds (Jiang & Wang, 2009; Kim, & Swager 
2003) have been reported, yet the crystal structures have not been reported. The title compound was obtained by two steps 
of chemical reactions. An X-ray crystal structure determination of the molecular structure of title compound was carried 
out to determine its conformation. 

In the molecular structure of title compound (Fig.l), the plane of dimethyl-thiocarbamic group with the central benzene 
ring make a dihedral angle of 78.41 (7)° (Brandenburg, 2011). In addition, one carbonyl group in the a,b-unsaturated malon- 
ate side chain, make a dihedral angle of 8.73 (10)° with central benzene ring. The other carbonyl group, however, with 
the central benzene ring make a dihedral angle of 81.52 (8)°. The structure is therefore a conjugate electron system with 
"push-pull" substituent pairs, and shows strong intramolecular charge transfer (ICT) effects. 

Experimental 

The title compound was obtained from a two step synthesis. First, the reaction of 4-(diethylamino) salicylaldehyde and 
dimethyl thiocarbamoyl chloride under potassium carbonate in a DMF solution gave dimethyl-thiocarbamic acid <9-(5-di- 
ethylamino-2-formyl-phenyl) ester. This product was refluxed for 3 h with diethyl malonate under the catalysis of piperid- 
ine in acetonitrile. After removal of the solvent, the residue was purified by flash chromatography with dichloromethane 
/ petroleum ether as eluent to afford the title compound in 35% yield. The title compound exhibits an absorption maximum 
at 400 nm and in addition it also displays a minimal fluorescence emission at 509 nm with maximum excitation at 403 nm. 
Single crystals were obtained by slow evaporation of a dichloromethane / petroleum ether (5/1, v/v). 

Refinement 

The aromatic H atoms were generated geometrically (C — H 0.93, N — H 0.86 A) and were allowed to ride on their parent 
atoms in the riding model approximations, with their displacement factors set to 1.2 times those of the parent atoms. 



sup-1 



supplementary materials 



Figures 




Fig. 1. Thermal ellipsoid plot of the title compound. Displacement ellipsoids are drawn at 
50% probabability level. 



Diethyl 2-{4-diethylamino-2-[(dimethylcarbamothioyl)oxy]benzylidene}malonate 



Crystal data 
C 2 iH3 0 N 2 O 5 S 

M r = 422.53 

Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 14.2704 (6) A 
6 = 9.2716 (4) A 
c = 25.9206 (8) A 
(3= 139.588 (1)° 
V= 2223.30 (15) A 3 
Z = 4 



^(000) = 904 

D x = 1.262 MgnT 3 

D m = 1.262 MgnT 3 

D m measured by not measured 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6772 reflections 

6 = 2.4-28.0° 

|i = 0.18mm _1 

T= 173 K 

Plate, yellow 

0.40 x 0.37 x 0.07 mm 



Data collection 



Bruker APEX area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 

J min = 0.932, J max = 0.988 

25540 measured reflections 



5414 independent reflections 

4778 reflections with / > 2a(I) 
R int = 0.037 

Qmax = 28.8°, 6 m ; n = 1 .6° 

£ = -19^19 

£ = -12^11 
/ = -34^33 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )} = 0.068 
wR(F 2 ) = 0.155 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
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S= 1.18 

5414 reflections 
268 parameters 
0 restraints 



w = ll[o 2 {F 2 ) + (0.0604P) 2 + 1 .281 IP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.39eA" 3 

Ap min = -0.29eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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Z 


7 7- * / TV 

t^iso ' ^eq 


SI 


0.26921 (7) 


0.44597 (7) 


0.62902 (4) 


0.03779 (17) 


Ol 


0.46394 (15) 


0.63622 (16) 


0.74213 (8) 
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0.67228 (17) 


0.44354 (18) 


1.03491 (9) 


0.0376 (4) 
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0.82337 (16) 
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0.5538 (2) 


0.67853 (11) 
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N2 


0.07452 (18) 


0.8351 (2) 


0.67478 (10) 


0.0281 (4) 


CI 


0.3890 (2) 


0.6452 (2) 


0.75718 (11) 


0.0229 (4) 


C2 


0.2706 (2) 


0.7321 (2) 


0.70888 (11) 


0.0248 (4) 


H2A 


0.2389 


0.7792 


0.6651 


0.030* 


C3 


0.1956 (2) 


0.7521 (2) 


0.72368 (11) 


0.0241 (4) 


C4 


0.2515 (2) 


0.6825 (2) 


0.79130 (11) 


0.0248 (4) 


H4A 


0.2057 


0.6963 


0.8045 


0.030* 


C5 


0.3701 (2) 


0.5958 (2) 


0.83781 (11) 


0.0244 (4) 


H5A 


0.4033 


0.5492 


0.8822 
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0.4447 (2) 
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Atomic displacement parameters (A 2 ) 
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0.0169(10) 


0.0246(11) 


0.0096 (10) 


C21 


0.0573 (18) 


0.071 (2) 


0.0534(17) 


0.0381 (16) 


0.0433 (16) 


0.0348 (15) 



Geometric parameters (A, °) 



SI — C7 


1.645 (2) 


C9 — H9C 


0.9800 


Ol — C7 


1.358 (2) 


C10 — Cll 


1.502 (3) 


Ol — CI 


1.393 (2) 


C10 — H10A 


0.9900 


CM P1 A 

yjz — i o 


1 1 o? (y\ 


rin tt i (iR 


U.yyUU 


03— CI 6 


1.327 (3) 


Cll— H11A 


0.9800 


03— C17 


1.445 (3) 


Cll— HUB 


0.9800 


04— C19 


1.194 (3) 


Cll— H11C 


0.9800 


05— C19 


1.329 (3) 


C12— C13 


1.493 (4) 


05— C20 


1.451 (3) 


C12— H12A 


0.9900 


Nl— C7 


1.317(3) 


C12— H12B 


0.9900 


Nl— C9 


1.450 (3) 


C13— H13A 


0.9800 


Nl— C8 


1.452 (3) 


C13— H13B 


0.9800 


N2— C3 


1.360 (3) 


C13— H13C 


0.9800 


N2— C12 


1.441 (3) 


C14— C15 


1.336 (3) 


N2— C10 


1.456 (3) 


C14— H14A 


0.9500 


CI— C2 


1.360 (3) 


C15— C19 


1.476 (3) 


CI— C6 


1.394 (3) 


C15— C16 


1.485 (3) 


C2— C3 


1.397 (3) 


C17— C18 


1.484(4) 


C2— H2A 


0.9500 


C17— H17A 


0.9900 


C3— C4 


1.413 (3) 


CI 7— H17B 


0.9900 


C4— C5 


1.363 (3) 


C18— H18A 


0.9800 


C4— H4A 


0.9500 


C18— H18B 


0.9800 


C5— C6 


1.394 (3) 


C18— H18C 


0.9800 


C5— H5A 


0.9500 


C20— C21 


1.478 (3) 


C6— C14 


1.439 (3) 


C20— H20A 


0.9900 


C8— H8A 


0.9800 


C20— H20B 


0.9900 


C8— H8B 


0.9800 


C21— H21A 


0.9800 


C8— H8C 


0.9800 


C21— H21B 


0.9800 


C9— H9A 


0.9800 


C21— H21C 


0.9800 
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C9 — H9B 


0.9800 


/~"7 P.1 P 1 

C/ — Ul — CI 


liy.z/ (16) 


P1 £. P 1 "7 

C16 — Uj — CI / 


lie in i\ 
11 J. /0 (1 /) 


Ciy — Uj — C2U 


I i c in / 1 ~j\ 

I I J.4U (1 /) 


p~7 \ti pn 
C/ — JN 1 — Cy 


m i r / 1 n\ 

12-5.26 (iy) 


PI "\T1 PO 

C/ — JN 1 — Co 


1 1 n o /l\ 
1 iy.0 (2) 


Pn \T1 PO 

CV — JN 1 — Co 


i i /: n"7 n\ 

iio.y / (iy) 


pi xrn P 1 1 

C 5 — JN 2 — C 1 2 


m 11 /I n\ 
122. 1 1 (1 /) 


pi \n pin 
C3 — JN 2 — C 1 U 


ni cn /i -7\ 
121. jo (1 /) 


C12 — JN2 — C1U 


I 1 C CI (1 1\ 

II J.JJ (1 /) 


pi pi p.1 
C2 — CI — Ul 


I 1 "7 i n /1 i\ 

II /.JO (1 /) 


r^i r^i 

C2 — CI — Co 


1 1/1 10 / 1 0\ 

124. iy (lo) 


p. 1 p 1 p/: 
Ul — CI — Co 


1 1 o in /i i\ 
llo.iy (1 /) 


r^i r^i r^i 
CI — C2 — Cj 


nil ni n o\ 
12U.U1 (lo) 


r^i r^i m a 
C 1 — C2 — H2 A 


1 in n 
12U.U 


pi pi ui a 
C3 — C2 — H2A 


1 in n 
12U.U 


\n pi pi 

JN2 — Co — L2 


HA (|C / 1 0\ 

i2u.yj (io) 


\n PI P/l 

JNz — C3 — C4 


ni no / 1 o\ 
122.UO (lo) 


pi pi p/i 
Cz — C3 — C4 


i 1 <; n"7 /1 o~i 

116. 97 (18) 


pc P/1 PI 

Cj — C4 C5 


nc / 1 o\ 
12U.9J (lo) 


PC P/1 U/1 A 

Cj — C4 — H4A 


1 19. J 


PI P/1 U/1 A 

CJ — C4 H4A 


119. J 


r^/i 

C4 — Cj — Co 


1 n oo / 1 o~\ 
122.00 (loj 


P/1 PC UC A 

C4 — Cj — HjA 


1 1 O £ 

llo.o 


p/; pc uc a 
Co — Cj — HjA 


1 1 O £ 

llo.o 


r^i r^t. 

CI — Co — Cj 


1 1 A It* / 1 ~1\ 

114. lb (1 /J 


pi p/r p 1 /I 

CI — Co — C14 


1 1 n no /1 o\ 
liy.Uo (lo) 


pc p/r p 1 i 

Cj — Co — C14 


11/ ir /10\ 

12o.1j (lo) 


\ii P"7 ni 

JN 1 — C/ — Ul 


1 1 n in /1 o\ 
11U.2U (lo) 


TVT1 P"7 C 1 

JN1 — C/ — Si 


11/ 1/r /1/r\ 

12o.lo (lo) 


A| p-7 C 1 

Ul — C/ — M 


111 & A /1C\ 

123.04 (1j) 


M 1 PO UO A 

JN 1 — Co — HoA 


1 nn c 

luy.j 


ill PO UOD 

JN 1 — Co — Hots 


1 nn c 

luy.j 


UO A PO HOD 

HoA — Co — Hots 


1 nn c 

luy.j 


\ii po nop 

JN 1 — Co — HoC 


1 nn c 

luy.j 


UO A PO UOP 

HoA — Co — HoC 


1 nn c 

luy.j 


UOD PO UOP 

Hots — Co — HoC 


1 nn c 

iuy.j 


\n pn un a 

jn i — cy — HyA 


1 nn c 

iuy.j 


\ii pn i Kin 

jn i — cy — Hyts 


1 nn c 

iuy.j 


un a pn linn 

HyA — cy — Hyts 


1 nn c 

iuy.j 


mi pn unp 

jn i — cy — Hyc 


1 nn c 

iuy.j 


un a pn unp 

HyA — cy — Hyc 


1 nn c 

iuy.j 


nnn pn unp 

Hyts — cy — Hyc 


1 nn c 

iuy.j 


N2— CIO— Cll 


113.09 (19) 


N2— CIO— HI OA 


109.0 


Cll— CIO— H10A 


109.0 


N2 — C 1 0 — H 1 OB 


109.0 


Cll— C10— H10B 


109.0 


H10A— CIO— HI OB 


107.8 



C10— Cll— H11C 


109.5 


H11A— Cll— H11C 


109.5 


HUB— Cll— H11C 


109.5 


N2— C12— C13 


113.5 (2) 


N2— CI 2— H12A 


108.9 


C13— C12— H12A 


108.9 


N2— CI 2— H12B 


108.9 


C13— C12— H12B 


108.9 


H12A— CI 2— H12B 


107.7 


C12— C13— H13A 


109.5 


C12— C13— H13B 


109.5 


H13A— CI 3— H13B 


109.5 


C12— C13— H13C 


109.5 


H13A— CI 3— H13C 


109.5 


H13B— CI 3— H13C 


109.5 


CI 5— CI 4— C6 


132.0 (2) 


C15— C14— H14A 


114.0 


C6— CI 4— H14A 


114.0 


C14— C15— C19 


117.09(19) 


C14— C15— C16 


126.51 (19) 


C19— C15— C16 


116.33 (17) 


U2— CI 6— C3 


123.6 (2) 


C2— C16— C15 


124.6 (2) 


C3— C16— C15 


111.83 (17) 


03— C17— C18 


107.4 (2) 


03— CI 7— H17A 


110.2 


C18— C17— H17A 


110.2 


03— CI 7— H17B 


110.2 


C18— C17— H17B 


110.2 


H17A— C17— H17B 


108.5 


C17— C18— H18A 


109.5 


C17— C18— H18B 


109.5 


H18A— CI 8— H18B 


109.5 


C17— C18— H18C 


109.5 


H18A— CI 8— H18C 


109.5 


H18B— CI 8— H18C 


109.5 


04— CI 9— 05 


124.18 (19) 


04— C19— C15 


125.08 (19) 


05— C19— C15 


110.74(18) 


C5— C20— C21 


106.9 (2) 


C5— C20— H20A 


110.3 


C21— C20— H20A 


110.3 


C5— C20— H20B 


110.3 


C21— C20— H20B 


110.3 


H20A— C20— H20B 


108.6 


C20— C21— H21A 


109.5 


C20— C21— H21B 


109.5 


H21A— C21— H21B 


109.5 
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CIO — CI 1 — H11A 


109.5 


CIO — CI 1 — HUB 


109.5 


H11A — CI 1 — HUB 


109.5 


C/ — Ol — CI — Cz 


Ol 1 p>\ 

—©1.3 (z) 


f^H ( \ 1 Z" 1 1 P P 

C / — O 1 — CI — Co 


lUZ.O (Z) 


O 1 — CI — Cz — C3 


—1 /o.Jo (1 /) 


p p pi pi p -j 

Co — CI — Cz — C3 


— U.O (3) 


C 1 Z — JN Z — C J — Cz 


1 /Z.l (Z) 


pin \to pi pi 

C 1 U — JN Z — C3 — Cz 


2.7 (3) 


ph \to pi p /i 
C 1 z — JN z — C J — C4 


-7.9 (3) 


pin \n pi p /i 

C 1 U — JN Z — C3 — C4 


1 11 11 ( 1 OA 
-1 / /.31 (IV) 


p 1 pi pi xji 

C 1 — Cz — Co — JN Z 


1 *70 0£ / 1 OA 

—1 /o.Uo (ly) 


p i pi pi p /i 
C 1 — Cz — C J — C4 


i n p,\ 

2.0 (3) 


XT'") pi P/1 pc 

JN Z — C 3 — C4 — C J 


1 T7 /■ 1 OA 

i / /. /u (iyj 


pi pi p/1 pc 

Cz — C 3 — C4 — C J 


-2.3 (3) 


pi p/i pc p/: 

C J — C4 — C j — C 0 


1 1 /1\ 

1.3 (3) 


pi pi p/: pc 

Cz — C 1 — Co — C j 


U.O (3) 


( \ 1 pi p A pc 

Ul — CI — Co — Cj 


1 /J.ZU (1 /) 


pi p i p/: pi /| 

Cz — CI — Co — C 1 4 


1 *70 *70 / 1 0\ 

—i /y. /u (iy) 


P 1 p/T p 1 /) 

Ol — CI — Co — C14 


-3.9 (3) 


P/1 PC P/T PI 

C4 — C j — Co — C 1 


n i /i\ 

0.2 (3) 


p yi pc p/z p i /i 

C4 — C5 — Co — C 1 4 


1 TO 1 / 1 0\ 

179.26 (19) 


C9— Nl— C7— Ol 


2.5 (3) 


C8— Nl— C7— Ol 


-179.18(18) 


C9— Nl— C7— SI 


-177.15 (17) 


C8— Nl— C7— SI 


1.1 (3) 


CI— Ol— C7— Nl 


179.82(16) 



C20 — C21 — H21C 


109.5 


H21A — C21 — H21C 


109.5 


H21B — C21 — H21C 


109.5 


p 1 p. 1 p~7 c 1 
CI — Ul — C / — SI 


-0.5 (3) 


P"3 nfi pi i 
Cj — JN Z — C 1 U — C 1 1 


Ol c Pi\ 

oz.j (3) 


C1Z — JNZ — CIO — Cll 


—5 /.0 (Z) 


P3 PIT PIT 

C3 — JN Z — C 1 Z — C 1 5 


y3.3 (3) 


PI n xto PIT pil 

CIO — JNZ — Clz — CI 3 


— yo. / \i) 


pi PiC PU pi f 

CI — C6 — C14 — CI 5 


—1 /O.l (2) 


pr P/i p 1 y] PIC 

C5 — C6 — C 1 4 — C 1 5 


2.9 (4) 


p/; p 1 a pi c pin 
C6 — C 1 <H C 1 5 — C 1 9 


—1 /o.4 (Z) 


P£ P1/1 n c pi /: 

C6 — C 1 <H C 1 J — C 1 6 


-1.6 (4) 


P 1 "7 P.1 PU P.T 

C 1 / — (Ji — C 1 6 — Uz 


0.4 (3) 


P 1 "7 P.1 pi/: pic 
C 1 / — (Ji — C 1 6 — C 1 J 


1 *70 M 7\ 

i /y.j4 {i /) 


pi/i r^ic r*]^ r\"t 
C 14 — C 1 J — C 1 6 — UZ 


Q"7 C 

-97.5 (3) 


P1Q PK r^^c P.T 
C 1 y — C 1 J — C 1 6 — UZ 


/y.4 (3 j 


P1/I pic pu A| 

C 14 — C 1 5 — C 1 6 — U3 


o3.4 (3) 


pin pic pu p.i 
C 1 9 — C 1 5 — C 1 6 — U3 


OO *7 

— yy. / (z) 


pu p.Q pn pi o 
C 1 6 — Uj — C 1 / — C 1 8 


1 "7*7 1 *7 / 1 0\ 

l / 1 .5 1 (ly) 


pia p.c pin r\A 
CZU — U5 — C 1 9 — U4 


2.0 (3) 


pip pc Pin p 1 c 

C20 — OS — C 1 9 — C 1 5 


1 "7*7 CI / 1 'TX 

-177.53 (17) 


CI 4— CI 5— CI 9— 04 


4.6 (3) 


C16— C15— C19— 04 


-172.5 (2) 


CI 4— CI 5— CI 9— 05 


-175.81 (18) 


CI 6— CI 5— CI 9— 05 


7.0 (2) 


C19— 05— C20— C21 


171.3 (2) 
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